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A number of works have been published in the literature on
disturbances of neuro-endocrine regulation as the result of
ionizing radiation applied to the organism. irradiation in-
duce,, an increase in the weight of the adrenals in animals,

~ with reduction of the content of- cholesterin and of ascorbic
acid (14, 15, 12, 7, 5, 1 and others). However, the data on

rl the content of corticosteroids in the blood and urine of ir-
radiated animals and patients are somewhat contradictory.

It has been remarked (6) that there is an increase in the
con~ent cf corticosteroids in the peripheral blood of dogs in
the first 12-24 hours after irradiation, with subsequent re-
duction and a secondary rise prior to death. Similar changes
were observed in monkeys (10, 11), and a dependence was demon-
strated between the degree and duration of the increased con-
centration of 17-oxy-corticosteroids in the blood, and the
dose of radiation. Determinations of corticosteroids in the
blon'd of patients, whose adrenals have bean therapeutically ir-
radiated, have shown a reduction i~n the quc,.ntity of l7-oxy-
corticosteroids im~mediately after irradiation, with a sub-
sequent rise after about two hours (13). In these experiments,
a connection was also noted between the amount of corticosteroid
and the dose of' radiation. X-ray therapy of the pituitary re-
gion in patients with Itsenkc-Cushing'a disease to doses of
.1000-15000 r, leads in -the majority of cases (2 to elevation
of the content of 11-oxysteroids in the blood. Upon increasing
the dose to 1700-2500 r, the concentration in the blood de-
clines.

Pr;~sented at the scientific session of the All-TJnion Insti-
~~ tute of Experimental E~ndocrinology on the problem of the

'±ituitaryl", December, 1957.
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in studying the secretion of the adrenals after irradiation

of rabbits, by measuring the level of the corticosteroids in
the blood flowing from the adrenals, it was shown (3) that
in 3, 24, and 48 hours, and on the third and eighth days after
irradiation, there was a reduction in the secretion nf corti-
costerone and an increased secretion of hydrocortisone, aldo-
sterone and compound X in the first three days after irradia-
tion. However, in dogs studied at various periods after irra-
diation, lethal doses did not induce changes in the secretion
from the adrenals, which is perhaps due to the different re-
actions of various species of animals to iinizing radiation

(4).

We determined the content of the corticosteroids in the blood
flowing from the adrenal glands in rats irradiated with minimum
lethal doses of X-rays. The etadies were run on 250 white male
rats weighing 140-160 gm and kept on nnrmal rations.

The animals were irradiated Ln the RUM-3 apparatus, at a
voltage of 180 kV, current 15 mA, focal distance 40 cm, using
filters of 0.5 mm Cu and 1 mm Al, power 35 r per minute, to a
dose of 650 r. The animals all expired within 9-15 days. Corti-3 costeroids were determined immediately after irradiation, and
l, 3, 15-17, 20-24, and 44-48 iours later.

The animals were subjected to the Cheboksarov operation.
Under ether anesthesia, the operation required 20-30 minutes.
Before blood was drawn, heparin was injected (50 units per 100
gm body weight), and blood was drawn over a period of 30 mi-
nutes. Corticosteroids in the efferent adrenal blood were
extracted by the Bush method (9). Chromatography was done,
using the toluol-methanol-water system (proportions 4:3:1) on
paper obtained from the Leningrad factory; proces ing was done
in 2 Normal acetic acid, water, 96 percent ethyl alcohol and
methyl alcohol by the method of Axelrod (6). The chromatograph
was examined under ultraviolet light with a UFS-1 filter;
portions of paper containing corticosteroids were cut out and
eluted in absolute methanol. Corticostercids were determined
quantitatively by ultraviolet ray absorption at a wave length
of 240-243 mm in a SF-4 spectrophotometer. The results were
evaluated statistically.

Determination of corticosternids in small amounts of adrenal
blood (6-10 ml) disclosed only one quantitatively-determinablt
corticosteroid - corticosterone. Tests on larger volumes of
blood (62.7 and 39.3 ml) by this method also permitted quanti-
tative determination of corticosterone only.
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,he content of corticosteroids in normal rats varied with-
in limits of 241-392N'per 100 ml (data from 83 rats). The

maximal volume of blood obtainable from a rat weighing 140-160
g , during the 30-minute period of collection was 4,1 ml. In
irradiated rats, cnrticosterone remained the only determin-
able hormone (quantitatively).

As is apparent from Table 1, immediately after irradiation,
the content of corticosterone was reduced to 40 percent in
comparison with the control; in 14 of 32 rats it could not be
measured. Within one hour, the content of corticosterone did
not change essentially, and remained at a low level, .: in
10 animals of 25, none at all could be detected. Within three
hours after irradiation, no corticosterone could be detected
in the adrenal blood in any of the animals.

Table 1

Content of corticosterone in the adrene' blood of rats after
irradiation

) Io. of i Time No. of No. of Averagei Corticosterone
exper- tests !rats weight Content in >j
!iment of rat per 100 ml

iin gm of blood

1 Normal 12 3 157 6o&, 1.0
2 Inu ediately after

irradiation 7 32 141 109bo47.7
3 After one hour 9 25 156 106.81-31.0

4 After three hours 4 14 158 0
b After 15-17 hours 3 12 155 1697r9.9
6 After 20-24 hours 4 18 141 361.8i19.6
7 After 44-48 hours 5 22 144 224.4424.0

l2uirediately after irradiation" includes time of ir-
radiation, operation, and withdrawal of blood.

Hence, in the course of the first three hours, the amount
of corticosterone gradually declined to zero, after which it
began slewiy to rise. By 15-17 hours, the content cf cortico-
sterone had risen to 63 percent of the ccntrnl level, and by
24 hours it had attained its highest levels, exceeding the
-- trol by 35 percent and returning to within the limits of the

control only on the second day.
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After processing the chromatographs of extracts of blood
from irradiated rats with an alkaline solution of methanol,
spots were found on them which were characteristic of steroids,
with respect to their yellow fluorescence in ultraviolet light.
These spots had an Rf Cf 0.30-0.33 and were found in chromato-
graphs of blood extracts taken from rats at all periods fol-
lowing irradiation. Identifk cation of the spot was not con-
clusive. Attempts were made to determine the content of
corticosteroids in the blood of rats at more remote periods
following irradiation - on the sixth and tenth da!-4, but it
proved impossible to collect blood for analysis.

As has already becn mentioned, within three hours after ir-
radiation corticosterone disappeared from the blood of the
rats; during this time the weight of the adrenals was at a
minimum. In order to clarify whether there was injury to the
adrenal itself or to the pituitary regulatory function, the
irradiated animals were given one unit of ACTH per 100 gm body
weight in 0.2 ml physiologic saline solution just before col-
lection of blood (Table 2).

Table 2

Content of corticosterone in the adrenal blood of rats following
injection of ACTH within three hours after irradiation

AJio. ofJNo. of Weight Weight of!Volume of Corticosterone
exper-:animalslof rats adrenals :blood drawn, content in r
iment lin gm in mg in ml per lO0 ml

1 5 150 11.2 7.8 291.8
2 5 146 13.26 6.4 271.8
3 4 145 11.8 7.1 308.0
4 4 148 10.8 5.7 605.0
5 4 179 12.2 4.8 304.0
6 5 165 12.1 10.2 Not measured
7 3 149 11.18 5.7 None detected

In five of the seven experiments, ACTH induced the secre-
tion of corticosterone.

The secretion of corticosterone under the influence of '2TH
reached levels seen in non-irradiatE rats under conditions
of stress induced by the operation.
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It is obvimus that the reduced concentration of cortico-
sterone in the blood from the adrenals is due not to injury
of the adrenals themselves but to disturbance of the pitui-
tary regulatory function.

It should be noted that of 30 animals, injection of ACTH
in three was not ac-ompanied by secreticn of corticosterone,
and in five, corticosterone was found only qualitatively in
the reaction with alkaline methanol.

The observations on the change in weight of the adrenals
showed that these changes, although less pronounced, coincide
in time with the variations in the content of corticosterone.

Table3

Changes in weight of the adrenals in rats at various times
after irradiation

No. of Time in experiment No. of Weight of
experiment rats adrenals in M1

1 Normal .O 12.5610.28
2 Immediately after

irradiation 30 11.9610.36
3 After one hour 21 13.0910.3j
4 After three hours 14 11.1840.42
5 After 15-17 hours 12 13.1 10.37
6 After 20-24 hours 18 13.7 4C.85
7 After 44-48 hours 20 13.2210.49

From the data of Table 3, it follows that within three hours
after irradiation the weight of the adrenals had declined by
an average of 11 percent in comparison with the normal, and
within 24 hours it had exceeded the control by an average of
nine percent; however, this difference is not statistically
significant.

Conclusions

(1) The amount of corticosterone in the blood from the
adrenal gland in rats, after irradiation, gradually declines to
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zero by the third hour, and is then gradually restored. By
15-17 hours after irradiation, the content of corticosterone
is 60 percent that of the control level, and within a day it
has exceeded the control by 35 percent, becoming normalized
on the aeoond day.

(2) The injection of ACTH into the rats within three hours
after irradiation, during the period in which corticosterone
is not found in the adrenal blood, induces secretion of this
hormone by the adrenals. The amount of corticosterone in the
blood reaches control levels.
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